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OUTLINE

® VERTICAL STRUCTURE <= THE KYOTO PROTOCOL: BIOMASS AND DYNAMICS

e BioMmass & LAD FROM INTERFEROMETRY AND POLARIMETRY
~DERIVATIVE MAGNITUDE AND DIVERSITY
~PHYSICAL-MODEL PARAMETER ESTIMATION SCENARIOS: DATA FUSION
—INTERFEROMETRY + POLARIMETRY STRUCTURE SENSITIVITY

® STRUCTURE DEMO: CENTRAL OREGON, MULTIALTITUDE INT+POL

® BioMASS: POWER AND INTERFEROMETRY: DERIVATIVE MAGNITUDE

® VERTICAL STRUCTURE FROM INT+POL+HYPERSPECTRAL+VCL FUSION

® SUMMARY



STRUCTURE AND THE KyOoTO PROTOCOL
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VERTICAL STRUCTURE AND THE KyoTO PROTOCOL:
BioMmass & LAD FROM INTERFEROMETRY AND POLARIMETRY

e BromMmass DENSITY &LAD =

—BroMass= [ dzBIOMASS DENSITY (z) = [dz pg(z) m(z) STORAGE
AND EMISSION

~LAI=[dzLAD(z) = [dzpg(2)Il(2): COg UPTAKE
o ExampLE: po(2) = 2i pi S(2;{hj}) AND ESTIMATE FROM INT + POL:
—VEGETATION HEIGHT (fy), SUBCANOPY HEIGHT (hge)...hp

—EXTINCTION COEFFICIENTS AND DENSITY LAYER RATIOS — p;



PHYSICAL-MODEL PARAMETER ESTIMATION SCENARIOS:
DATA FUSION

FOREST HEIGHT INT. AMPL.

ExTiNCcTION COEF. INT. PHASE
GROUND/VEGETATION BACKSCAT | = M1 INT. AMPL. — PING
REAL GROUND DIELECTRIC INT. PHASE — PING

UNDERLYING TOPOGRAPHY HHHH/VVVV RATIO



Simple Physical Models-->Small # of Parameters
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QUANTITATIVE PARAMETER ESTIMATION:
DERIVATIVE MAGNITUDE AND DIVERSITY
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THE SENSITIVITIES OF INTERFEROMETRY AND POLARIMETRY

® INTERFEROMETRY IS PRIMARILY SENSITIVE TO THE THE MEAN
spatial location (puase) and distribution (AMPLITUDE) OF VEGETATED
LAND SURFACES

e POLARIMETRY IS PRIMARILY SENSITIVE TO THE shape and orientation or
OBJECTS IN THE VEGETATED LAND SURFACE

=> ORIENTED OBJECTS AT CHARACTERISTIC VERTICAL LOCATIONS INDUCE
POLARIMETRIC VERTICAL-STRUCTURE SENSITIVITY



THE SENSITIVITY OF INTERFEROMETRY TO VERTICAL STRUCTURE

@%&@&@%@@m



THE SENSITIVITY OF INTERFEROMETRY TO VERTICAL STRUCTURE
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THE SENSITIVITY OF POLARIMETRY TO VERTICAL STRUCTURE
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CENTRAL-OREGON 6-“BASELINE” LAYER DEMO

( INT. AMPL. — 8 KM \

INT. PHASE — 8KM
. ) INT. AMPL. — 8 KM — PING
Vegetation height ) INT. PHASE — 8KM — PING
Canopy extinction INT. AMPL. — 4 KM
Subcanopy height INT. PHASE — 4KM
c Subc/anopy extinction — M~-!| INT. AMPL. — 4 KM — PING
anopy /subcanopy backscat | ' _ _
GROUND/SUBCANOPY BACKSCAT INTiﬁrHJXSﬁPL4E% KI\IZING
REAL GROUND DIELECTRIC INT. PHASE — 2KM
UNDERLYING TOPGRAPHY ) INT. AMPL. — 2 KM — PING
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Two-Level Stand Near Flux Tower
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CENTRAL-OREGON 6-“BASELINE” LAYER DEMO




CENTRAL-OREGON 6-“BASELINE’ LAYER DEMO

Radar Height Components Scaled by Radar Density Ratios
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Biomass AND LAD FroMm PuvysicalL, PARAMETERS

e Biomass=[ dz B10 DENS(z) = [ dz pg(z) m(z) STORAGE & EMISSION

~AssuME m(2z) = M CONSTANT AND GET 1M FROM FROM REGRESSION
OR PHYSICAL MODEL OR LAD(z)

e LAT=[dzLAD(z) = [dzpg(z)l(2): COg UPTAKE
~AsSUME [(2) CONSTANT AND USE HYPERSPECTRAL FOR LAI
—LAD(z)=pg(z) 1

® OR MAKE DEEPER CORRESPONDENCES BETWEEN RADAR SCATTERING
STRENGTH AND OPTICAL REFLECTANCE



BioMASS ESTIMATION:
POWER SATURATION OR INSUFFICIENT DERIVATIVE MAGNITUDE?
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Biomass: DECTECTION AS PARAMETER ESTIMATION
SIGNAL AND NOISE CONSIDERATIONS

® A PARAMETER ESTIMATE SHIFT IS SIGNIFICANT IF THE CORRESPONDING
OBSERVATION SHIFT EXCEEDS THE NOISE

( PARAMETER SHIFT SIGNIFICANCE ) OBSERVATION SHIFT_
OBSERVATION ERROR
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BioMASss: POWER AND INTERFEROMETRY
AP OO/OP > OBSERVATION ERROR

Observation /Obs. Error (arb units)
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VERTICAL STRUCTURE FROM DATA FUSION

INTERFEROMETRY
POLARIMETRY
POLARIMETRIC INT
HYPERSPECTRAL OPTICAL
VEGETATION CaN LIDAR

BroMASs DENSITY \ e
LAD
® DERIVATIVE DIVERSITY
—INTERFEROMETRY: DISTRIBUTION OF MICROWAVE SCATTERERS
—POLARIMETRY: ORIENTATION AND SHAPE—DISTRIBUTION

~POLARIMETRIC INTERFEROMETRY: MICROWAVE DISTRIBUTION OF
ORIENTED OBJECTS

~—HYPERSPECTRAL OPTICAL: SPECTRAL DISTRIBUTION

—VCL: GEOMETRIC OPTICAL DISTRIBUTION



THE VERTICAL STRUCTURE OF VEGETATED SURFACES
_FROM _INTERFEROMETRIC AND POLARIMETRIC RADAR DATA

SUMMARY AND CONCLUSIONS

® BIOMASS AND LEAF AREA DENSITY ARE IMPORTANT VERTICAL-STRUCTURE
INPUTS TO CARBON MONITORING RELEVANT TO THE KYOoTO PROTOCOL

® RADAR INTERFEROMETRY AND POLARIMETRY — BIOMASS DENSITY
-+ HYPERSPECTRAL—LEAF AREA DENSITY
® PARAMETER ESTIMATION <= DATA FUSION
® DERIVATIVE MAGNITUDE AND DIVERSITY KEY CRITERIA
= HypPoTHESIS: NO ONE TECHNIQUE IS the BIOMASS OR STRUCTURE MAPPER

= QUANTITATIVE PHYSICAL MODELS AND ERROR ANALYSES NEEDED FOR
EACH TECHNIQUE FOR OPTIMAL STRUCTURE PARAMETER ESTIMATION=FUSION



(QUESTIONS AND RECOMMENDATIONS:
THE ROLE OF INTERFEROMETRY +... IN THE KYyOoTO PROTOCOL

® WHAT IS THE ROLE OF QUANTITATIVE REMOTE SENSING research?

e WHAT ARE THE RELATIVE NEEDS FOR “TARGET-BLIND” REMOTE SENSING
AND REGRESSION-BASED 11 S1fU TRAINING?

® DEMONSTRATE PHYSICAL-PARAMETER APPROACH TO BIOMASS AND PROFILES
® DETERMINE OPTIMAL FUSION OF P, L, &C INT., + POLARIMETRY + POWER
® DETERMINE OPTIMAL FUSION OF INT., POL., POWER, HYPSPECT AND VCL
¢ DEMONSTRATE QUANTITATIVE ERROR ANALYIS FOR EACH TECHNIQUE

e DO NOT VIEW ANY 0N € TECHNIQUE AS A BIOMASS MAPPER OR VEG. PROFILER



